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<g) Optical element and process for producing the same. 

© An optical element comprising a polymer liquid crystal composition having an optically anisotropic multi- 
domain structure which is formed by crosslinking a composition containing a polymer liquid crystal. Smce the 
multi-domain structure is stabilized by crosslinking, the element exhibits excellent reproducibility in restoring 
white turbidity. 
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BACKGROUND OF THE INVENTION 

Vol. 24, p. 364 (1993), and Japan Display , p 260 (1986) " P<?lym - Commun - 

Ine nr^ol 'T^ 8 * 1 ha ™9 a *M- «y«- moiety in me main chain ttweotfe * 

• — — . UJI^il^CSKSt*"* a po,> "" e, " ouia ^ 

acZe confront in^t^^ °" *• COO,inS rate heati "9. 

to reductions in recording sensitivity and re?ordna%led Si!, T tem P« rature for "™rding leads 
distribution means broadness ^ ZTn^l^^'-^ ^ ^ ^ broadn3ss <* molecular weight 
information, ^K^M^JS^^ T of recorded 
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Optical elements utilizing polymer liquid crystals, such as display elements and recording media, hav 
be n studied for th ir practical applicability becaus they are capable of repeatedly displaying/recording 
and rasing information and preserving the record. However, an optical element having both an ar a 
incapable of repetition of recording/erasure (an unerasable image) and an area capable of repet.t.on of 
5 recording/erasure (an erasable image) is unknown. 

Accordingly, a further object of the present invention is to provide a method for forming an unerasable 
image on an optical element comprising a light scattering composition essentially comprising a polymer 
liquid crystals. 

A still further object of the present invention is to provide an optical element prepared by the method 
ro which has both an erasable image and an unerasable image. 

A yet further object of the present invention is to provide a recording medium compnsing a polymer 
liquid crystal having a specific molecular weight distribution and thereby having excellent sensitivity, 
excellent display contract, and improved record preservability. 

In this way, the present invention includes the following embodiments (i) to (v). 

(i) The optical element according to the present invention comprises a polymer liquid crystal composibon 
having an optically anisotropic multi-domain structure which is formed by crosslinking a composition 
containing a polymer liquid crystal. 

The optical element using the above-mentioned optical element comprises a substrate having 
thereon the crosslinked polymer liquid crystal composition (hereinafter referred to as a polymer liquid 
crystal layer) having an optically anisotropic multi-domain structure which is formed by crosslinking a 
composition containing a polymer liquid crystal, and a protective layer thereon. 

(ii) Another optical element according to the present invention comprises a crosslinked composition 
containing a polymer liquid crystal comprising a copolymer containing a mesogen monomer unit and a 
non-mesogen monomer unit, in which a liquid crystal component and a non-liquid crystal component are 

25 separated in independent phases to form a multi-domain structure as a whole. 

(iii) The optical element and the process for producing the same, which comprises subjecting a polymer 
liquid crystal composition to heat treatment to control a multi-domain structure and crosslinking the 
composition while retaining the multi-domain structure. The process is characterized in that a light 
scattering composition essentially comprising a polymer liquid crystal is heat treated so as to have a 

30 multi-domain structure (internal microstructure) having a desired domain size distribution and the 
composition is then crosslinked while maintaining the multi-domain structure. 

(iv) Still another optical element and the image formation method comprises a polymer liquid crystal 
composition having previously formed thereon an unerasable image showing no light scattering prop- 
erties by forming an image having no light scattering properties on at least a part of the element and 

as then crosslinking the composition to make the image having no light scattering properties unerasable. 

(v) The optical element according to the present invention comprises a polymer liquid crystal composi- 
tion containing a polymer liquid crystal having a weight average molecular weight to number average 
molecular weight ratio (Mw/Mn) of not more than 4.0. 

Another optical element according to the present invention comprises a substrate having thereon a 
recording layer in which the recording layer is formed by molding a polymer liquid crystal having a weight 
average molecular weight to number average molecular weight ratio (Mw/Mn) of not more than 4.0 and then 
crosslinking the polymer liquid crystal. 

The polymer liquid crystal used in the above recording media is preferably a copolymer of a mesogen 
monomer and a non-mesogen monomer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figs 1 through 4 are each a schematic cross section of an optical element 

Fig. 5 is a plane view of an optical element having formed thereon an erasable image and an 
so unerasable image. 

DETAILED DESCRIPTION OF THE INVENTION 

The terminology "optically anisotropic multi-domain structure" as used herein denotes a structure 
55 formed of a composition containing a polymer liquid crystal, the structure being made of a plurality of 
domains showing optical anisotropy such as birefring nee. Formation of such domains is attributed to 
difference in orientation of liquid crystal molecul s in the inside of a polymer liquid crystal composition. 
That is liquid crystal molecules in a single domain are oriented substantially in one direction. Molecular 
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£te Snm 1^° T" 0PUCaS aniSOtr ° Py ° f the domain ' maki "9 domain optically distinguish- 

^ITZ Z A " mu,t, ^ omain is an agglomerate of a plurality of domains show^uch 

The "light scattering composition comprising a polymer liauid crvstar ii<*«h in tho r,^o ♦ ■ 
ton**, o *«^ r « r<) mulMomain ^ ,„ ^^"^1^ 

nr JZL c 7Z C ? Sta,s hav,n9 a react,ve 9raup as one component of their main chain or side chain are also 

tion^^r 6 ' Ql !L d CryStalS ' P^ 0 " 1 ^ side chain type ones can usually be prepared by polymeriza- 

Lchl a ^ r enZa ?! T° 9en C ° mpOUnd ° r addition of a mes °9 e " compound to a reac^ve polymer 

fSA^ff? r , ? fi n « PO,ymer - ^ re ' eVant t6Chniques « describ ^ in MakroS^T T 7 9 
273 (1978), Eur. Polym. J. , 18, 651 (1982), and Mol Crvst Lin Crv«rf iaq i«t /1Q Qm ^ , ' — ' 

crystals which can be usecMn the 'present inv ent, S £ ' ^ £g» ^2X22 

techmques. for examp.e, by copolymenzing a polymenzable me^-lon^d 

an^Zn a ^^ mP ° Und haVinQ 3 reaCtiVe 9r0UP (reacBve m ~> or ^add ngTrreTcS^ynTer 
rcacSe t nTT" r P ° Und ^ " 3dditi0n reacHve — compound hS a 

JTalf e, T' 3 Cyd ° he ^ he "V. ske.eton or a terpheny. skeLn to^h t JS5 gnoup' "3 
"escnS lengT ^ 3 ~" 9 ™ P W 3 ** 9r ° UP ' is via - a *V' 9-up s^rlf 

formuKtH? 68 ° f ^ P ° ,ymerizab,e mesoaen ^"nds or repeating units are represented by 

CH2 = CCRhCOCHCHak-O-A (I) 
CHzsCH-fCHaK-O-A (II) 
CH2=C(R)-CO-OA (III) 

fO-Si(CH 3 )} 

CH 2 -CH 2 f CH 2 ) k -0-A ( 1 V > 

wherein R represents a hydrogen atom or a methyl group; k represents an inteoer of from 1 to <m- »nH a 
represents a mesogen selected from structures (a) to (k): ^ 30, and A 
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(c) 



(e) 
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a) ^ n — v O) 

-x- 





^aA p 



wherein X and Y each represent a single bond, -N = N- f -N(-0) = N-, -CH = N-, -N = CH-, -COO, -0(C = 0)- 
or an ethynylene group; p represents an integer of from 1 to 5; R 1 represents an alkoxy group, a halogen 
atom, a cyano group, a carboxyl group or an alkyl group; when p is 2 or more, the plural R 1 groups may be 
the same or different. 

The polymer liquid crystal may be crosslinked taking advantage of its reactive group, if desired, in the 
presence of a catalyst and/or a polyfunctional reactive compound. Suitable reactive groups include addition 
reactive or polymerizable groups, such as a vinyl group, an acrylate group, a methacrylate group, a 
heterocyclic groups, such as an epoxy group, and an isocyanate group; a hydroxyl group, an amino group, 
an acid amido group, a thiol group, a carboxyl group, a sulfo group, a phospho group, a metal alcoholate 
group, and a magnesium halide (Grignard reagent) group. Catalysts which may be used if desired include 
various kinds of ultraviolet polymerization initiators and thermal polymerization initiators. Suitable polyfunc- 
tional reactive compounds include polyfunctional isocyanate compounds, polyfunctional epoxy compounds, 
polyfunctional melamine compounds, polyfunctional aldehyde compounds, polyfunctional amine com- 
pounds, and polyfunctional carboxyl compounds. 

The above-mentioned mesogen compounds may further contain a reactive group other than the double 
bond-containing groups. 

Examples of the polymerizable compounds having a reactive group (reactive monomers) which are to 
be copolymerized with the aforesaid mesogen compounds include (meth)acrylic acid, «*-carboxy-poly- 
caprolactone-mono(meth)acrylate, vinyl sulfonate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)- 
acrylat , 2-(meth)acryloxyethyl acid phosphate, 2-hydroxy-3-ph noxypropyl (meth)acrylat , 2-(meth)- 
acryloxy thyl succinate, mono(meth)acrylate phthalate, 2-(meth)acryloxyethyl(2-hydroxyethyl) phthalate, 4- 
(m th)acryloxyalkyloxybenzoic acid, glyc ryl (meth)acrylat , hydroxy-substituted styrene, (meth)acrylamide, 
N.N-dimethylaminoethyl (meth)acrylate, N,N-di thylaminoethyl (meth)acrylate. glycidyl (meth)acrylate, 2- 
propen-1-ol, and 5-hexen-1-ol. After the above-enumerated compound is once copolymerized or co-added, 
the reactive group may be replaced with a different reactive group. For xample, a mesogen monomer is 
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acTdTTs SdS T^T 6 T < meth > acry,at to introduce a ^^oxyl group and then (meth)acry.ic 
cSn T'is aS ^LITJ V drOXy, . 9r ° up bV introduci "9 a Polymerizable group to the polymer tfde 
^ POW, ? ,e t0 US8 Var,OUS P°'y meri2 ab'e or addition r active mesogen compound having the 
. ^r£T?? h r 9r ° UP - F ° r 8Xample ' meS09en com P° unds »»ving the a£ve-i..ustiied stnZ^n 
5 V OXy 9r ° UP ' 3 CarbOXyl 9 rou P or 30 9~"P may be used. These compounds are 

illustrative examples and are not construed to limit the present invention compounds are 

a lioZ e cr v a st^olS n , ty r P ° ,ymer " qUid CrySta ' iS Prepared by ^polymerizing a vinyl monomer having 
a l.qu d crystal molecule (mesogen molecule) as a substituent and a general vinyl monomer the liouid 

ro FuTerTc^TV 0 """'^ ^ ra «° in *• ™*<* copolymer cT^'ltroS 

22^^^!^^ 0,m,, ^ ^ eaS,,y 66 intr0dUCed t0 **■ type of a copolymer by previously 

^eZir 1 * 9 oomponent to ^ 9enerai vinyi monomer - ^ is <*°«**^ i 

• Whe '' e *e Portion of a liquid crystal component in a side chain type polymer liquid crystal is 

« b L ■f o r d " cra » d «»*»■ of a component to^E^SqJS^^oiSiS 

»5 ratio, a number of domains of the liquid crystal component can be formed in the polymer liquid^STti, 

tZSZTttZZ? P °H ,ymer T aWX C ° mPriSin9 n0n - Hquid CrySta ' oomponemc 6 ; 2t52S by 
T ^ comDOnent - ^ a «*ult, fluidity of the polymer matrix other than the 

^ ' S reStnCted t0 Pr ° Vide 3 ri9id Stnrcture exhibiti "9 im Proved thermally controlled 
,o Ttd^n tn lT S a r enCy ^ 0paaueneSS - ™ s is characterized, especially, in the embodiment (i) 
^f?^ above - ment '° nad mesogen compound and the compound having a reactive group the 

2 JL a fhYH ^ f mPriSe Vari ° US non - mes °9 e " compounds having no reactive group 
porated as a th.rd component by copolymerization or addition. Suitable compounds usable as the third 
component include alky, (meth)acrylate and derivatives thereof, styrene and dwtJlT^^S 
SS'tlrS chtoride vinylidene chloride. viny.pyrro.idone.Tny. acetate. 1-hexene. aTl-Snt 
^Zrf « T rt US6d for preference ba ^"se of their effectiveness in controlling a multiXmaTn 

rsr; rrajsnsz- The proporton of *° ^ component * - ^ -s 

nrJ^M PrOPOrti01 ] ° f « e ^Po'y" 16 " 2 ^ or added non-mesogen compound in the polymer liquid crystal 
£££ nT 968 ° *° 80 m0,% • m ° re Preferably 01 t0 50 mol% most Preferably 1 to 40 mo.% 
o^Z ^ 0n0mer Un,t - TT 6 Pr ° P0,1i0n ° f *" n ° n " m ^ogen compound having a reactive group 7n the 
SlT^T? 8 " C °T° UndS Preferab,y ran98S from 1 to 100 mol% - ™* form of copolymeriltion or Z 
addrton may be any of known forms, such as a random form, a block form or a graftform The pXnS 

The above-enumerated mesogen compounds and non-mesogen compounds may each be used erther 
individually or as a combination of two or more thereof. 

Two or more kinds of liquid crystal monomer may be used to improve properties of optical element For 
instance a mixture of liquid crystal monomer having methacry.ic acid group and acryHc acid I gl f'J a 
polymenzable group improves heat-stability and durabi.ity and provides hTghelr glass 

of thT abov^Z^ 8131 ° f *" PreS9nt inVenti0 " iS Prepared by hom °- or copolymerization reaction 
1^?^^ hS^ monomers or reactive compounds through radical polymerization or ionic poly- 
Zmer .n ? V ^ * *" abw ^ s ^6 monomers or reactive compounds to a reaSve 

nZTZ^JT, embod ' ment * the P resa "t i^ention. a weight average moleculaTweight to numbS 
™l? 9 ir ™ We ' 9ht rat '° (Mw/Mn) of me po, y mer liauid crystal is controlled so as not to exceed 4 0 
preferably not to exceed 3.0. still preferably not to exceed 2.0. The polymer liquid crystal havlnTsuch ' a 
narrow molecular we,ght distribution exhibits excellent physical properties and charactenScs 

In this embodiment, a molecular weight distribution of polymer liquid crystals is expressed in terms of a 

cXSsTaZ m0, h eCU ' ar Wei9M t0 nUmber aV6ra9e m ° ,eCU,ar we * ht ^ ^n' ^^TZ^ 
fl ?P. / nanr ° W m ° ,eCUlar W6i9ht distribution can be prepared by various methods. For 

is^bSned St 0 e a lt^ me K T id CryStal haVing 3 re ' ative,y br0ad m0,ecu,ar wei 9 ht distribu *>n which 
ioSUSL?^ above^lescnbed process of the present invention is poured into a mixed solvent of a 

c^LSrL P °° r 5 >IVem f ° r 1,16 po,ymer lk "" d crystal at a v ^od mixing ratio to extract a 
component having a specrfic molecular weight distribution. A polym r liquid crystal havinq a narrow 

2 ^^xua^ 156 'r™* by Synth8Si2ing me 0°*™ by ^ ving P^ymer^oT: 

the former xtraction method using a mixed solv nt, suitabl good solvents for the polymer liquid crystal 

STSfTTf ha ' 1 ° ge "- COntaining so,va " te . ^ne solvents, and ther sTeX. S suS 

STm^t o ^ " QU ' d CrySta ' inC ' Ude a,C ° h0ls - water ' ^ a,i P hatic n*. »" the latter living 
polymenzation m thod. I,v,ng anionic polymerization, living cationic polymerization or livino radical oZE- 
menzation using metallic sodium, metallic lithium or a compound thTof as a ^l^oT^l 
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suitabl Th details of th se techniqu s ar describ d in Ohtsu, KOBUNSHIGOS El NO JIKKENHO., 209, 
Kagaku Dojin, Macromol cules , 25, 5554 (1992), ibid, 26, 2987 (1993), and ibid, 26, 5316 (1993). 

Th optical element according to the present invention compris s a polymer liquid crystal composition 
having an optically anisotropic multi-domain structure which is formed by crosslinking a polymer liquid 
5 crystal composition. It is preferable that the direction of the optical anisotropy of each domain (the direction 
of molecular orientation) is at random. 

The polymer liquid crystal composition which can be used in the present invention is a composition 
containing at least the above-mentioned polymer liquid crystals and having light scattering properties. The 
light scattering composition preferably has a multi-domain structure. The terminology "multi-domain 
io structure" as used herein means a structure in which a plurality of fine domains are agglomerated or 
dispersed like islands. The domain density in unit volume widely ranges. It is preferable that the domains 
comprise agglomerates of liquid crystal molecules (mesogen) on the side chain of a polymer liquid crystal 
and have the molecules oriented in one direction to exhibit optical anisotropy. The direction of the optical 
anisotropy of each domain (the direction of molecular orientation) is preferably at random. 

Where the domain diameter in the multi-domain structure is about the wavelength of visible light, the 
domains strongly scatter visible light to make the polymer liquid crystal composition highly white turbid. 
Accordingly a preferred domain size is such that the domain diameter at the maximum in the frequency 
distribution of domain diameter is not greater than 3 urn, preferably 0.2 to 1.5 urn, still preferably 100 to 
600 nm The difference between the maximum domain diameter and the minimum domain diameter in 
domain diameter distribution is preferably not more than 5 urn, still preferably not more than 3 urn. yet 
preferably about 1 urn. In other words, the domains are preferably uniform in size. When the domains have 
the above-mentioned preferred domain size and size distribution, they scatter visible light most strongly, 
i e exhibit strongest light scattering properties and thereby greatly improved optical characteristics. The 
domain size and size distribution can be controlled by adjusting the composition of the polymer liquid 
25 crystal or the composition of the polymer liquid crystal composition. 

In the polymer liquid crystal composition, the size or density of the domains can be varied by changing 
the external temperature before crosslinking. That is, the multi-domain structure of the polymer liquid crystal 
composition can be adjusted in size as desired by subjecting the composition to heat treatment so as to 
provide a layer with increased light scattering properties. 
30 After polymerization, small regions (about 0.1 urn) in which liquid crystal molecules are agglomerated, 
i e domains are present in the polymer matrix. These small regions can be grown to form a multi-domain 
structure as described above by subjecting the polymer to annealing by heating. By the heat annealing, the 
small domains grow to liquid crystal domains of about 0.2 to 1 urn. With no outer force, e.g., an electrical 
field applied at the time of annealing, the liquid crystal molecules in each domain are oriented in one 
35 direction, but the plural domains show difference from each other in direction of the molecular orientation. 
This is characterized, especially, in the embodiment (iii). 

The multi-domain structure of the present invention can be formed by a method comprising first 
forming a specific multi-domain structure and then crosslinking the polymer while retaining the multi-domain 
structure or a method comprising forming such a multi-domain structure in the course of crosslinking. 
40 Preparation of the optical element according to the present invention will be explained. Crosslinking of 
the polymer liquid crystal composition can be effected by applying heat, light, an electron beam, etc. to a 
polymer liquid crystal prepared by the above-described method preferably in the presence of a catalyst 
and/or a polyfunctions reactive compound. Catalysts include various kinds of ultraviolet polymerization 
initiators and thermal polymerization initiators. Suitable polyfunctions reactive compounds include polyfunc- 
tional isocyanate compounds, polyfunctions epoxy compounds, polyfunctions melamine compounds, 
polyfunction^ aldehyde compounds, polyfunctions amine compounds, and polyfunctions carboxyl com- 
pounds. Specific examples of the catalyst include azo type polymerization initiators, e.g., 
azobisisobutyronitrile (ABIN); peroxide type polymerization initiators, e.g., benzoyl peroxide; and ultraviolet 
polymerization initiators, e.g., phenyl ketone. Specific examples of the polyfunctions reactive compounds 
so are tolylene diisocyanate (TDI), 4,4'-diphenylmethane diisocyanate, 3,4-dichlorophenyl dusocyanate, poly- 
methylenepolyphenyl isocyanate, hexamethylene diisocyanate (HDI), an adduct of TDI or HID and a polyol, 
eg trim thylolpropane, bisphenol A diglycidyl ether, melamine, ethylenediamine, hexamethylenediamine, 
phenylen diamine, glutaraldehyde, t rephthalaldehyde, oxalic acid, succinic acid, glutaric acid, maleic acid, 
terephthalic acid, pyromellitic acid, and pyromellitic anhydride. 
55 The catalyst and/or polyfunctions reactive compound is pref rably added in an amount of from 0.01 to 
20% by weight based on the polymer liquid crystal. 

For improving characteristics, the polymer liquid crystal composition of the present invention may 
further contain various oth r components. For example, various antioxidants, such as hindered amine or 
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hindered phenol, may be added for improvement in weather resistance. Various dichroic dy s such as 
an*raqu,none dyes, styry. dyes, azomethine dyes or azo dyes, may be added for improvement in displa^ 
SZZ V ™°" S r ! lu ™ sc °'« ma V ^ added for improvement in light scattering pVoperti s In order to 
efficiently conduct thermal recording using a laser beam, it is preferable to add various laSr light absorb no 
2iJI^3 P J" US '" 9 ^'"^ Semic ° nductor "aving a wavelength of 780 to 830 nm nS 
™ TZT 9 T S ', SUCh 35 Phtha,OCyanine ' «W m or -utenium compounds, are VsabTe. 
amount of these optional components are within a range of from 0.01 to 5% by weight based on the 

w^oht e o r mPOSiti ° n - ^ po *" 8r ' iquid CryStal «W«on may further c^teinTto 2oi by 
weight of a low-molecular weight liquid crystal compound V 

deslSHterlS thfrl ^'T 6 ' MqU L d , ^ ^P 03 * 0 " is P«*"»Wy conducted after it is formed into a 
JS a „HT? Shape ' such 35 3 fi,m> 3 b,OCk * 3 fiber ' etc - 88 a moten n**™ or as dissolved in a 

2 herSe' ETt^"" 'T Sh0Wi " 9 n0 SCattenn9 pr0p0rties is fo ™ d in •« of me element 
SL! Inn d | esc " bed - The suiting crosslinked polymer liquid crystal has self-retaining properties by 
rtseH andis appl.cable as an optical element either as molded or, in a preferred embodiment, as^ppTrtS 
on a substrate or inserted between a pair of substrates. Usable substrates include films of 2£TE£2 
erephtha,ate < PET > «*»"•■ Polypropylene or po.yimide, paper meters ceramic? 

TUT i transparent SUbStrate is P arUcutart y P refe ™* in application as a transm^son type SSTa 
substrate with an electrode is also preferred. a,s P |a V- A 

at a 7 !!™^, 6 " 1 iS Preferab,y canr,ed out °y hea «"9 to a prescribed temperature followed by cooling 
S££TZ?? T T 9 rate ° r by ann8alin9 31 3 Prescribed texture. Annealing is conducted^ 
3 t8nnperature 31 which me mai " chain movement of the polymer liquid crystaMs allowed 
/ , JLf mPOS,t '° n 6XhibitS 3 ,iquid crystel P nase in *"ich light scattering proves can 

cCTptse^e^r^T^ h ^ ^ ^ — a 

« ^IfnVf onnT °" 1he ^P 081110 " of the polymer liquid crystal used, annealing is usually carried 

Slnh J" C ' r ferab,y *° 20 °* C - A Suitable annealing time is about 5 seconds ^200^^ 

though varymg depending on the composition of the polymer liquid crystal composition 

u£f l reSU ^ 0f 1,16 heat trea * men t a multi-domain structure having a controlled domain size so as to 
e^,b,t strong hght scattering properties is formed. The polymer liquid crystal o« is crocked 
whHe it retains the thus regulated multi-domain structure. Crosslinking of the polymer Hqu S crysS 
composition can be performed by applying heat, light, electron light, and the like. From me efficSv 

£Z£T T ^ C t rOSS " nk r 9 iS P f erab ' y ^ 0Ut simulte "^'y with the domain size con^roTby me hea 1 
2fJL temP f ratUr6 * the crasslinkin 9 is "ot particularly limited as far as the multi-domain sVmctore 

Ed nZS!^ Pr K ferred temperature is from *• 9 lass transition point of the composZ u^he 
hqu,d phase-.sotrop.c phase transition point. The crosslinking stabilizes the multi-domain structure to 

Z^lZToXT 6 not chan9e by external J ~ e chan9e - wi " a,ways 

The optical element of the present invention is suitably applied as an optical recording material caoable 

comtJS nf "ST. , th K ° Pt,Ca ' e ' ement aCC ° rdin9 to th9 P resent inv ontion is shown in Fig. 1, wS is 
?TnT^t«L ^ I haV '" 9 f0rmed there ° n P° ,ymer liauid ory^tal composition layer (record ng tye ) 
2, and protective layer 3 for .mparting surface strength and improved heat resistance in this O der The 

T^HZnl . h " 2ad H diti °; a,,y h3S C0, ° red lay6r 4 ° n *• back side of substrate 1. and the stiuctore of Rg 
3 addrtional^has hght reflecting layer 5 between substrate 1 and polymer liquid crystal layer 2 9 ' 
In the stojctures of Rgs. 1 through 3, light scattering properties are controllable only by heat The 

l qU H ' ayer PrSPared by the meth0d of me ^ inv O"«°n assumi a nrht-sSttered s2e 

(wh to turbid state) attnbuted to its multi-domain structure. If part of the polymer liqufd costal t 
heated by means of a thermal head or a laser beam to make the polymer liquid crystal comisrtion 
^p,c a and the heated area is then rapidly cooled, the heated and cocL area s SSt Z ZoZ 
stete to assume a transparent state with little light scattering properties. Information can thus b? recS 
trough control of light scattering properties. The recorded information can be erasedTy heating TollowS 

sLT n9 «f OW,y ^ t0 inCrSaSe " 9M ****** P^ 68 to m o initial leveL Thaf is 9 ^ S 
scattering state can be altered reversibly and repeatedly to perform recording/erasur of ^iato , 
using a thermal head or a las r beam as a heating means for controliing light scStering ^ propertieT^iah" 
reflection can be controlled out by adjusting the pulse width or energy applied ProP^es, th l.ght 

The structure shown in Fig. 4 is composed of a pair of substrat s 1 , 1 with transpar nt electrode 6 fITOl 
having interposed therebetween polymer liquid crystal layer 2 (recording lay r). ThTs type^s^clre * 
used ,n optical d vices utilizing the action of an electrical field, a magnetic fi Id or h at 
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The polymer liquid crystal layer and protective layer can be formed in a usual manner, for example, by 
coating a composition for the respective layer as a solution in a solv nt or in a molt n state. 

The thickness of the recording layer is not particularly limited and widely vari s according to a desired 
contrast. It is preferably from 0.1 to 100 urn, still preferably from 1 to 100 urn, yet preferably 5 to 50 urn, 
5 most preferably 1 to 20 urn. 

The protective layer is preferably a heat-resistant layer comprising a fluorine-containing polymer, a 
silicon-containing polymer, a thermosetting polymer, an ultraviolet-cured polymer, an electron-cured poly- 
mer. The protective layer may have a single or multilayered structure. The protective layer preferably has a 
thickness of from 0.1 to 20 urn. 
w The above-described substrates can be used. 

It is preferable to provide a light-reflecting layer, a light-absorbing layer or a colored layer for improving 
contrast as in Figs. 2 or 3. A metal layer, such as an aluminum layer or a silver layer, is useful as a light- 
reflecting layer. A dye-containing polymer film is usually used as a light-absorbing layer or a colored layer. 
The light-reflecting layer, light-absorbing layer or colored layer preferably has a thickness of 0.001 to 100 
75 urn. 

Recording/erasure of information using the optical recording device according to the present invention 
is described below taking recording/erasure by heat application for instance. Recording/erasure of informa- 
tion is also possible by electrical or magnetic field application. 

The recording layer after preparation of the element shows a light-scattered (white turbid) state 
20 attributed to the multi-domain structure. Information can be recorded on the white turbid recording layer by 
imagewise applying heat with a thermal head or a laser beam to make the polymer liquid crystal on the 
heated area isotropic, followed by cooling rapidly to a temperature below the glass transition point, whereby 
the heated area is fixed in its isotropic phase to form a transparent image. The recorded information can be 
erased by heating followed by cooling at a rate lower than that used for recording, whereby the area 
25 restores the original light-scattered state to complete erasure. That is. recording and erasure of information 
can be conducted reversibly and repeatedly. Heating means for recording and erasure includes a thermal 
head. Recording and erasure of information can be carried out by controlling the pulse width or energy 
applied to the thermal head. 

When the domain diameter at the maximum in the frequency distribution of domain diameter is 2 *im or 
30 less, especially 1 urn or less which is in the range of visible light, the multi-domain structure provides a 
high scattering property and an excellent contrast. The domain size can be controlled by slow cooling of the 
isotropic phase which is heated to liquid crystal phase-isotropic phase transition point or more. This also 
causes an erasure of the recorded information. By slow cooling, nucleation and nuclear growth are attained 
to form a multi-domain structure. Rapid cooling does not cause nucleation and thus the heated and rapidly 
35 cooled area is fixed in its glass transition phase to be transparent while retaining isotropic state. When the 
cooling rate is 1 x lO^C/sec or more, the heated and cooled area becomes transparent, and when the 
cooling rate is less than the speed, the area shows a white turbid state (multi-domain structure). Therefore, 
the cooling rate is preferably less than 1 x lO^C/sec and more preferably less than 50° C/sec. 

The optical element according to the present invention is characterized by containing a polymer liquid 
40 crystal composition having an optically anisotropic multi-domain structure which is formed by crosslinking a 
composition essentially comprising a polymer liquid crystal either as it is or after it is subjected to heat 
treatment. By the action of the crosslinking, a specific multi-domain structure (microstructure) can be 
stabilized and fixed (or memorized) in the stabilized state. Therefore, the optical element of the present 
invention is applicable as an optical recording medium, a display medium, a light modulation element or a 
45 reversible heat-sensitive recording medium. 

Where a polymer liquid crystal is utilized in a light-scattering type optical element, the degree of light 
scattering depends on the domain size or density of the multi-domain structure. The conventional multi- 
domain structure undergoes change in domain size and density from the initial conditions in the course of 
repetition of recording and erasure or suffers from partial unevenness in domain size and density due to 
so unevenness of thermal history. It follows that the conventional element suffers from reductions in optical 
characteristics or unevenness of optical density, resulting in poor reproduction. To the contrary, the multi- 
domain structure (microstructure) of the optical element of the present invention is thermodynamically 
stabilized, and th initial conditions of domain size and density hav been m morized so that these 
conditions of the multi-domain structure are reproduced ven through r peat d thermal history. Further, 
55 where an optically anisotropic multi-domain structur is formed by cooling a polymer liquid crystal 
composition which has been heated and is exhibiting an optically isotropic phase, the elem nt has an 
increased rate of multi-domain formation. Accordingly, the optical lement of the pr s nt invention applied 
as a recording/display element exhibits excellent stability in reproducing recording/display/erasure perfor- 
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.W^p.aXLr eVing imPrOV mentS 10 ° PtiCal «™»**** «d speeding up of record- 

vJtZTT. 0PtiC f e ' em m accordin 9 to me P res nt indention uses a polymer liquid crystal composition 
contain ng a copolymer comprising at least a mesogen monomer unit and a non-meUgen monomel^n 
fts polymer l,qu.d crysta. composition at teast two components, i.e., a liquid crystal component a non- 

light scattenng properties, ..e.. excellent optical characteristics. Further, since the polymer liquid crystal 
composite has a crosslinked structure, the multi-domain structure (microstore) L Ten HE 
modynamically stabH.zed with the initial domain size or domain density being memorized ^eTeTore me 
initial domain s,ze and density are repeatedly reproduced even when heating and coolingfor reSSna* <£d 
ejasure are repeated. That is. the optica, element, when utilized as a light scattering eZ Z"to 
^ 7* eXCeHent reproduction - E ™ -hen the element's used as a widfaSa 

SSSter^ stZ Tu^TL T^T ^ ° Win9 10 — — «*tan* struck 

21\ i T • rate of ,ormin 9 30 anisotropic multi-domain structure (light-scattered 

tZ:Z^Z^ om *• heated ~ » e isotropic ^> * ■ 

'". S ^° rt ' SinCe * e polymer ,ic ' uid cr V stal composition of the present invention has a stabilized multi- 
domain structure, the initial domain size and density of the multi-domain structure can be rJSJSdTen 

recording device, achieves an increased recording/erasure speed. 

f ° f f0n T in9 " unerasable ima 9« according to the present invention is then described 
According to me , mage formation method, an image showing no light scattering properties is famSTa 
part of an optical element comprising the above-described light-scattering polymer liquid c^rystal^omnosi 

S a Stt! , rT mP0S ^ n iS *T CrOSS ' inked t0 th6reby make ima ° e liable. LlaTshTng no 
kght scattering propert.es can be formed by applying heat, an electrical field or a magnetic field either aloJe 

^ to me po,ymer ,iquid crystal composition to o^»?Ji35K 

°£ ° I? compos, * on - 11 ,s Particularly preferable that the image showing no light scattering properties is 
TZEi^T? *? C3USe *• f ° rmed ima9e 15 m ° re 51315,8 ^ 1,16 PO'vmer "quid cryS. ZpSon 
LnSl'fT^ '"k 8 " ? tiCa " y iSOtr ° PiC P° ,ym8r ,iquid crystal composition as refened to aoo^te 
° f * de cha ; n crystal molecules (mesogen) in the polymer liquid crystal composiL is 
f J 6 ^ y - 3 m0 ' eCU,ar teVel " ° ptiCa,,y ^parent ™age showing no light scat^ring^pnoperSes 

k V T 9 r ,Se heatinQ Part ° f 106 "9 ht scatterin 9 P°'y m « r crystal comp^itionTa 
temperature above the l.quid phase-isotropic phase transition point (the temperate at E n 0 qM 
s^enng properties are exhibited) followed by rapidly cooling to a temperature below the gtsTfransK 

S vn h b ™\ I™*?* haVi " 9 "° ' i9ht SCatt8rina P^ 63 is a transparent image in which me side 
chain liquid crystal molecules in the polymer liquid crystal composition are oriented at random on n7aTa 
molecular level, and the image is fixed as such (as transparent) like glass V 
The polymer liquid crystal composition is then crosslinked to make the image having no light scatterino 

heaTS U an r T^- C K SS,inkin9 " P °' ymer ' iquid Crystal ^^on can be^Seu °oS by ^53 
heat, light, an electron beam. etc. thereby causing the reactive group of the polymer liquid crystal to 
polymenze or to undergo addition reaction with a polyfunctional reactive oompouSS TtS ^ crossSino 
is "f 1 ° w J he ■**« Phase-isotropic phase transition point cl7^^^!Z 

Z^T^tTLZ TZ**: ** 9,388 franSiti ° n ° f the composition^ L com^sition^ 
neated to the liquid crystal phase-isotrop.c phase transition point or higher, the image showino no lioht 

SS 9 P 1T^ WOU ' d K diSaPP8ar ***** crosslinking. At the glass transition point * ^owe° crosl 2 J 
forfia^i^gr 396 W ' n9 "° "'^ SCatte ' in9 Prepart,M tein9 fiX6d ^ makin 9 » ^-e to 

oemir„ e fi !l; ilS m Cr0SS,inked K ar ? 5600,1168 StaD,e againSt heat Takin 9 vantage of this effect, an unerasable 
so SSS? J S ^ b6 ° n 30 6,ement by formin9 30 ima 9 e ^re crosslinking and *en 

9 h V 8UbSequent crosslinking to provide a recording device having a combination of a 
T« ?ni " 3 r6Wr,taD ' 6 r6C ° rding ~ ThiS iS characterized, particularly, in ?he embodiment Jv) 
the imie oT^n lZT P l° f ^ ^ formed on P art of « "^asable image by 

SavinnT« ? ^ ^ ^ J- P' 688 " 1 inV ntl ° n - ,n Fio - 5 is shown a P'ane view of an optical element 
« ^ ^ Rg - 1 ln WWCh 30 unera sable image has been formed. Numerals 7. 8 and 9 

^ U " eraSab,e ,ma9 ' 3,1 rasable ima ge. and an area capable of recording an erasab e imaae 
Sl^Jr 396 7 1,88,1 form8d by -agewiseTeating an v n.y 'gM-s^ing to 
SSSpTT i'" 9 r^fS 9 CrOSS,inkin 9 with 3 ft rmal head or a laser beam followed by rap J cooHng 
and then applying heat, light or an lectron beam on the ntire area of the lement to include cnUSng 
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Once the r cording layer has been crosslink d, the thus formed image never restores the initial white 
turbidity even if h ated to the liquid phas -isotropic phase transition point or higher followed by cooling, and 
the image is pr serv d semi-perman ntly. The area other than the unerasable image, i.e., area 9 is capable 
of recording and erasing information repeatedly. Recording on area 9 can be conducted by imagewise 
s heating to a temperature not lower than the liquid phase-isotropic phase transition point with a thermal head 
or a laser beam followed by rapid cooling, and the recorded image can be erased by heating the image 
followed by gradual cooling. There is thus provided an optical element having both unerasable image 7 and 
erasable image 8. 

In the above-illustrated embodiment, when an image exhibiting no light scattering properties is formed 
w on an optical element comprising a light scattering polymer liquid crystal composition, and the composition 
is crosslinked, the image having no light scattering properties becomes a semi-permanently memorized 
image that would not be erased any more even if heated to a temperature for an isotropic phase. This is 
believed to be because the orientation or order of the liquid crystal molecules constituting the image having 
no light scattering properties could be fixed and retained upon undergoing crosslinking. On the other hand, 
is the area showing light scattering properties is still capable of repetition of recording (a transparent state) 
and erasure (a white turbid state) on repeating a heating/cooling cycle even after the crosslinking. This 
seems to be because crosslinking in the optically anisotropic multi-domain structure exhibiting light 
scattering properties does not restrain the molecular movement of liquid crystal molecules. 

The aforesaid effects make it possible to integrate an unerasable image and a rewritable image on the 
20 same optical element having light scattering properties. 

The present invention will be illustrated in greater detail with reference to Examples, but it should be 
understood that the present invention is not deemed to be limited thereto. All the copolymerization ratios 
shown in structural formulae are given by weight. 

In Examples and Comparative Examples, physical properties of polymer liquid crystals prepared were 

25 measured as follows. 

1) Weight Average Molecular Weight and Molecular Weight Distribution: 

A weight average molecular weight (Mw) and a number average molecular weight (Mn) were 
measured by gel-permeation chromatography (GPC) using a chromatograph manufactured by Tosoh 
Corp. on polystyrene conversion. A molecular weight distribution was evaluated in terms of an Mw/Mn 
30 ratio. 

2) Glass Transition Point and Phase Transition Point: 

A glass transition point (Tg) and a liquid crystal phase-isotropic phase transition point (Ti) of a 
polymer liquid crystal were measured by differential scanning calorimetry and with a polarizing micro- 
scope equipped with a temperature controller. 



35 



EXAMPLE 1 



4-Acryloxyhexyloxy-4'-cyanobiphenyl (1.9 g) as a mesogen monomer and 0.1 g of 2-hydroxyethyl 
acrylate as a reactive monomer were copolymerized using azobisisobutyronitrile (ABIN) as an initiator and 
40 tetrahydrofuran (THF) as a solvent. The polymer was purified by reprecipitating three times in ethyl alcohol 
to give 1.9 g of a polymer liquid crystal having structural formula (1): 

— £-CH 2 -CH-^ (^-CH 2 -CH-^ — 

45^| y x V | ' 1-X i 

COO-(CH 2 )6-0-/^^-/ VcN COOC2H4OH 



50 x = 0.95 

The polym r liquid crystal having formula (1) [hereinafter designated polymer liquid crystal (1); the 
similar designation will apply to oth r polymer liquid crystals] had an Mw of 40000, a Tg of 40- C, and a Ti 
55 of110*C. 

In 3.0 g of methyl thyl ketone (MEK) were dissolved 1.0 g of polymer liquid crystal (1) and 0.05 g of a 
polyfunction^ isocyanat compound Colonat HX (produced by Nippon Polyurethane Industry Co., Ltd.) as 
a crosslinking agent, and the solution was applied on a 100 urn thick aluminum-deposited polyethylene 

11 



BNSDOCID: <EP_0669548A1J_> 



EP 0 669 548 A1 



terephthalat (PET) film with a blad coater and dried to form a polymer liquid crystal lay r having a 

ISlf °h . 6 T ™ P ° ,ymer ' iqUid CryStal la y er as 0btain8d ottered light and assumed white 
turbidity and was found to have a Ti of about 90 • C. 

* mJUn P ° ly T KqUid . C ? Stal ' ayer WaS cross,inked in m ° ven ^ 60 • C for 24 hours. The polymer liquid 
5 crystal layer after crossl.nk.ng was also white turbid. An ultraviolet-curing composition Aronix UV (produced 
by Toagose, Chem.cal Industry Co., Ltd.) was applied on the crosslinked polymer liquid crystal layer and 
cured us.ng a h.gh-pressure mercury lamp to form an about 2 urn thick protective layer to prepare an 
optical recording device. 1 H H m 

io EXAMPLE 2 

Polymer liquid crystal (2) having structural formula (2) shown below was synthesized in the same 
manner as in Example 1 , except for using acrylic acid as a reactive monomer. 



15 



SO 



-f-CH 2 - CH->- _Z_ CH2 . CH _^_ 

I = = I (2) 

COO - (CH 2 ) fl - O - 4>-\_/-CN COOH 

x = 0.95 

25 Polymer liquid crystal (2) had an Mw of 40000, a Tg of 50 • C, and a Ti of 125 • C 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (2) and 0.03 g of hexamethvlene 
TSET^-*? a . po ! y,unctiona, ^yanate compound (crosslinking agent), and the solution was applied on 
fJ^r^' *^ ,num "*Pf«* PET with a blade coater and dried to form a polymer liquid crystal 

so aTir^t rsSTj; ? out 6 um - ^ tx * m ,iquid crystai ,ayer 35 ° btained «■«■»"* ■** «■ 

30 assumed white turb.d.ty. The Ti of the polymer liquid crystal layer before crosslinking was about 100-C 
™J2 6 . a * m !!l ,iqUid ' ayer W3S crosslinked in °ven at 60-C for 24 hours. The polymer liquid 

7 -h after ^° ss,,nk ' n 9 was a,so t"*id. A protective layer was formed on the crosslinked 
polymer (.quid crystal layer in the same manner as in Example 1 to obtain an optical recording device. 

35 EXAMPLE 3 

Polymer liquid crystal (3) having structural formula (3) shown below was synthesized in the same 
manner as in Example 1, except for using 0.1 g of glycidyl acrylate as a reactive monomer. 



40 



£CH 2 -CH-)- 



- CH 2 - CH — y 

X I 1-X 



OXKCH^-O^^-^^-CN COOCH 2 CH— CH 2 (3) 



so 



55 



x = 0.95 



Polymer liquid crystal (3) had an Mw of 40000, a Tg of 36 • C, and a Ti of 95 • C 

~ 3 ,'^ 9 °I ME . K W8fe disso,ved 10 9 of P°'y mer crystal (3) and 0.04 g of hexam thylenediamin 
as a polyfunctional amine compound (crosslinking agent), and the solution was applied on a 100 um thick 

fTT/^ ^ ^ 3 b ' ade C03ter and dried tD ,0rm 3 P°'y mer "ayer having a 

* , S. h SS ° f ^° uX 6 um - ™ e PO'V" 1 r "Quid crystal layer as obtained scattered light and assum d white 
turbidity. The Ti of the polymer liquid crystal layer before crosslinking was about 90 • C. 
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The polymer liquid crystal layer was crosslinked in an oven at 60 *C for 24 hours. Th polym r liquid 
crystal layer after crosslinking was also white turbid- A protective lay r was formed on the crosslinked 
polym r liquid crystal layer in the same manner as in Example 1 to obtain an optical r cording device. 



5 EXAMPLE 4 



w 



15 



20 



Polymer liquid crystal (1) synthesized in Example 1 was reacted with acrylic acid chloride in methylene 
chloride in the presence of triethylamine to obtain polymer liquid crystal (4) having an acrylate group 
introduced to the side chain thereof and having structural formula (4): 

( OH* - CH (— CH 2 - CH — ) — 

2 | 'X K | ' 1-X (4) 

COO - (CH2) 6 - O-^^-^^CN COOC2H40COCH= CH 3 

x = 0.93 



35 



40 



Polymer liquid crystal (4) had an Mw of 55000, a Tg of 33 ° C, and a Ti of 85 • C. 
In 3 0 g of MEK were dissolved 1.0 g of polymer liquid crystal (4) and 0.01 g of an ultraviolet 
polymerization initiator Darocure 1173 (produced by Ciba-Geigy Ltd.), and the solution was applied on a 
100 itm thick aluminum-deposited PET film with a blade coater and dried to form a polymer liquid crystal 
25 layer having a thickness of about 6 urn. The polymer liquid crystal layer as obtained scattered light and 
assumed white turbidity. The Ti of the polymer liquid crystal layer before crosslinking was about 80 • C. 

The polymer liquid crystal layer was crosslinked by ultraviolet irradiation at 25 -C using a high-pressure 
mercury lamp. The polymer liquid crystal layer after crosslinking was also white turbid. A protective layer 
was formed on the crosslinked polymer liquid crystal layer in the same manner as in Example 1 to obtain 
30 an optical recording device. 

COMPARATIVE EXAMPLE 1 

An optical recording device was prepared in the same manner as in Example 1, except no crosslinking 
agent was added to polymer liquid crystal (1). The recording device as obtained showed slight white 
turbidity. 

COMPARATIVE EXAMPLE 2 

Polymer liquid crystal (5) having structural formula (5) shown below was synthesized in the same 
manner as in Example 1, except that only the mesogen monomer was homopolymerized. 



^— CH 2 -CH— ^ 

COO-(CH2)6-0- 



50 

Polymer liquid crystal (5) had an Mw of 30000, a Tg of 35° C, and a Ti of 120*C. 
An optical recording d vie was prepared in the same manner as in Comparative Exampl 1 , xcept 
using polym r liquid crystal (5). The recording device as obtained showed white turbidity. 
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Evaluation: 



Each of the recording devices pr pared in Exampl s 1 to 4 and Comparativ Examples 1 and 2 
evaluated by a recording test as follows. F«»«»uv examples l and 2 was 

mJ/dorin^thrt. 00 "^ USi " 9 3 therma ' Printer < dot densit V : 8 recording energy 50 3 

mJ/dot). and the transparent recorded image was erased using a hot stamo set at iso-r 3 1 

optica, density of the recording layer was measured with a densitometeSeSa T(^ufa^ bv X^e 
Go Un the stages; (a) before recording (in a light-scattered state), (b) after recording <E7£51S s£e? 
Shf^lTrT 9 li ,9 ht - scattered ^d (d) after repeating recordin^reTS^miTa 

ownTS e r^l° eVa,U8te rePr0dUCtl0n ° f ^^^-ure performance, ^e resuHs obS are 



TABLE 1 



75 



20 



25 



30 



35 



40 



50 



55 



Example No. 


Optical Density of Recording Layer 




(a) 


(b) 


(c) 


(d) 


Example 1 
Example 2 
Example 3 
Example 4 

Comparative Example 1 
Comparative Example 2 


0.24 

0.24 

0.25 

0.25 

0.4 

0.5 


1.7 
1.7 
1.7 
1.7 
1.7 
1.1 


0.24 

0.24 

0.25 

0.25 

0.8 

1.0 


0.24 

0.24 

0.25 

0.25 

1.2 

1.0 



W^wdi^ras^ ,oo fimee. p r ovm 0 axcllan, ,eproduoiS.y « 

remarkable deterioration in reproduction of whiteness * recording/erasure, r.e., 

urn and 2.0 urn, respectiaeia. and me domain diameter was diatributed over a ranoe of f^rn^Tf,?* 
u^H fc oodarjood from mas. faete «« me deferioraaon in o^ch^aoTin^omp^»a 

.nfluences on reproduction of recording/erasure performance on repeated usT 8 " Mt 
As is apparent from the above results, the optical element according to the Dresent invention ha « it* 

EXAMPLE 5 

aC n / tt^ 0 ^ he ^ OXy " 4, * Cyan0biPhenyl °- 9 9) 38 3 mes °9 en mon °™ and 0.1 g of 2-hydroxyethvl 
acetate as a reactive monomer were copolymer!** using ABIN as an initiator and THF as a sotatt Th! 
polymer was purified by reprecipitating three times in ttfy, a.coho, to give** T« P^nTe. "£T£y2 

In 3j> g of MEK were dissolved 1.0 g of polymer liquid crystal (1) and 0.05 g of a oolvfunctional 
thickness of about 6 urn. The polym r l.quid crystal lay r as obtained scattered light and assumed white 
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turbidity to act as a controlling film of light scattering. The T, of th polymer liquid crystal layer before 
crosslinking was about 90° C. tsn.r* w in 

The polymer liquid crystal layer was subjected to annealing by heating in an ov n at 60 C for 10 
minutes and then crosslinked in an oven at 30'C for 72 hours. An about 2 urn thick protective flayer was 
formed on the crosslinked polymer liquid crystal layer in the same manner as in Example 1 to prepare an 

° P t:2d— at the maximum of the frequency distribution of domain diameter of the mufti- 
domain structure was 300 nm. The difference between the maximum domain diameter and the minimum 
domain diameter was 0.9 nm. 

EXAMPLE 6 

Polymer liquid crystal (6) having structural formula (6) shown below was synthesized in the same 
manner as in ExampYe 5, except for using 1.8 g of the mesogen monomer, 0.1 g of the reactive non- 
,s mesogen monomer and, in addition, 0.1 g of butyl acrylate as a third monomer. 

COOC^ H g 

,o 4-CH 2 -CH-f- -fc« 2 -!:H-f--— (-CH 2 -CH-^ (fi) 

COO- (CH 2 ) 6 -°-O~0~ CN CO ° C2 * 4 ° H 



25 



30 



35 



x:y:z = 0.9:0.05:0.05 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (6) and 0.05 g of a PO^M 
isocyanate compound Colonate HX as a crosslinking agent, and the solution was applied on a JOG thK* 
aluminum-deposited PET film with a blade coater and dried to form a polymer liquid crystal layer having a 
tSSZ of about 6 urn. The polymer liquid crystal layer as obtained scattered light and assumed wh, e 
turbidity to act as a controlling film of light scattering. The Ti of the polymer liquid crystal layer before 

^e^^ -ayer was heated in an oven at 70-C for 24 hours to conduct annexing and 

crosslinking simultaneously. A protective layer was formed on the crosslinked polymer kquidcnj aye. ^.n 
Z same manner as in Example 1 to prepare an optica, recording device. The domam diameterj t *e 
maximum of the frequency distribution of domain diameter of the multi-domain structure was 330 nm. The 
difference between the maximum domain diameter and the minimum domain diameter was 0.8 urn. 

40 EXAMPLE 7 

Polymer liquid crystal (7) having structural formula (7) shown below was synthesized in the same 
manner as in Example 5. except for using 1.8 g of the mesogen monomer. 0.1 g of glycdyl acrylate as a 
reactive non-mesogen monomer and 0.1 g of butyl methacrylate as a non-mesogen monomer. 



45 



COOCH 2 CH CH 2 

CH 
I 



50 



55 



I 3 

-(-CH, -CH-f-- "f CH 2 -CH-}-"— ("CH, - 1 (7 



) 



COO- (CH 2 ) 6 -0-\J-\J-™ CO ° C 4 H 9 



x:y:z = 0.9:0.05:0.05 
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10 



15 



20 



thickness of about 6 urn 11117^, , d to form a polymer liquid crystal layer having a 
turbidity to act as a co^uoM^no fi | m o X ^ obtained scattered light and assumed white 

crossing wasloutlu • C ° e " n9 - ^ 71 <* P«-ynwr liquid cryste, layer before 

in an^rTS " T I*"* 0 1 ° - —linked 

layer in the same manner as ^l££^JZ? ° n cros5,inke d l»hfmer liquid crystal 

the maximum of trTJea^cy of ES! !" IT^" 9 d6ViCe " ^ domain diameter * 

-~e te tw^ 

COMPARATIVE EXAMPLE 3 

showed white turbidity. cross,,ntan 9 agent was not conducted. The recording device as obtained 

COMPARATIVE EXAMPLE 4 



25 Evaluation: 



30 



TABLE 2 



40 



45 



50 



55 



Example No. 


Optical Density of Recording Layer 




<a-1) 


(a-2) 


(c) 


(d) 


Example 5 
Example 6 
Example 7 

Comparative Example 3 
Comparative Example 4 


0.37 
0.31 
0.29 
0.60 
0.37 


0.22 
0.20 
0.24 
0.41 


0.23 
0.20 
0.23 
0.96 
0.37 


0.21 

0.21 

0.24 

1.2 

0.38 
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EXAMPLE 8 

4-Acryloxyhexyloxy-4 , -cyanobiphenyl (1.8 g) as a mesogen monomer, 0.1 g of 2-hydroxyethyl acrylate 
as a reactive non-mesogen monomer, and 0.1 g of butyl methacrylate as a non-mesogen monomer were 
copolymerized using ABIN as an initiator and THF as a solvent. The polymer was purified by reprecipitating 
three times in ethyl alcohol to give 1.9 g of polymer liquid crystal (8) having structural formula (8): 



COOC- H. OH 

— (-CH 7 -CH-4- 4-CH--CH-) (-CH--C "4— 

2 | ' x ^2 / y ^ 2 j r z (8) 



COO- (CH 2 ) 6 -0-V/\J--CN CO0C 4 H g 

75 

x:y:z = 0 . 9 ; 0 . 05 : 0 . 05 



20 Polymer liquid crystal (8) had an Mw of 55000, a Tg of 42 °C, and a Ti of 105°C. 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (8) and 0.05 g of a polyfunction^ 
isocyanate compound Colonate HX as a crosslinking agent, and the solution was applied on a 100 urn thick 
aluminum-deposited PET film with a blade coater and dried to form a polymer liquid crystal layer having a 
thickness of about 6 urn. The polymer liquid crystal layer as obtained scattered light and assumed white 

25 turbidity. The Ti of the polymer liquid crystal layer before crosslinking was about 100°C. 

The polymer liquid crystal layer was crosslinked in an oven at 50 • C for 24 hours. The polymer liquid 
crystal layer after crosslinking was also white turbid. An about 2 urn thick protective layer was formed on 
the crosslinked polymer liquid crystal layer in the same manner as in Example 1 to obtain an optical 
recording device. 

30 

EXAMPLE 9 

Polymer liquid crystal <9) having structural formula (9) shown below was synthesized in the same 
manner as in Example 8, except for replacing 0.1 g of butyl methacrylate as a non-mesogen monomer with 
35 0.1 g of butyl acrylate. 



40 



COO- (CH 2 ) 6 -O 



COOC. H fl 

| ? H 3 
-fcH 2 -CH-f-.— {-CH 2 -C -fj 

CN 



(9) 



COOC 2 OH 



45 



x:y:z = 0.9:0.05:0.05 



Polymer liquid crystal (9) had an Mw of 50000, a Tg of 40° C, and a Ti of 90 °C. 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (9) and 0.03 g of diphenylmethane 
diisocyanate as a polyfunctional isocyanate compound (crosslinking agent), and the solution was applied on 
a 100 urn thick aluminum-d posit d PET film with a blade coater and dried to form a polymer liquid crystal 
layer having a thickness of about 6 urn. The polymer liquid crystal layer as obtained scattered light and 
assumed white turbidity. The Ti of the polymer liquid crystal layer before crosslinking was about 85° C. 

The polym r liquid crystal layer was crosslinked in an oven at 50* C for 24 hours. The polymer liquid 
crystal layer after crosslinking was also white turbid. A protective layer was formed on the crosslinked 
polymer liquid crystal layer in th sam manner as in Example 1 to obtain an optical recording device. 
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EXAMPLE 10 



10 



Polymer liquid crystal (10) having structural formula (10) shown below was synthesized in the same 
manner as ,n Example 8, except for using 1.7 g of the same mesogen monomer as used in Example 8 0 1 
mono ^ 3 rSaCtiVe n ° n - mes °9 en ™nomer, and 0.2 g of ethyl methacrylate as a non-mesogen 



COOH 

+ ch < r + i - L +r-f T-h do 



coo- 



75 



20 



25 



30 



COOC 2 H s 



x:y:z = 0 . 85 : 0 . 05:0 . 1 

Polymer liquid crystal (10) had an Mw of 55000, a Tg of 45'C, and a Ti of 110«C 
HiiJliif ° f ME ^ Were ***** * 0 9 of polymer liquid crystal (10) and 0.03 g of hexamethylene 
T^ ,Z1^ 3 , po ! yfunc * onal '^yanate compound (crosslinking agent), and the solution was applied on 
a 100 urn thick aluminum-deposited PET film with a blade coater and dried to form a polymer liquid crystal 

SZZTlf J!?!!! 88 !? ^ 6 ^ ^ V**™' Hquid Crystal ,ayer 38 obtained light and 

assumed white turbidity. The Ti of the polymer liquid crystal layer before crosslinking was about 105 -C 

The polymer liquid crystal layer was crosslinked in an oven at 50 -C for 24 hours. The polymer liquid 

r^fmLT-H <. C M SS ' in,dn9 K WaS *° White lurt * t A protective ,ayer was ,ormed on *• crosslinked 
polymer liquid crystal layer in the same manner as in Example 1 to obtain an optical recording device. 

EXAMPLE 1 1 



m ™ ymer '5 uid C 7 S * al < 11 > havi "9 structural formula (11) shown below was synthesized in the same 

as mZlr Th?^ 8 ,' 6 H C ? Pt f ° r ref>,aCin9 01 9 ° f a******* acrylate as a reactive non-mesogen 
35 monomer with 0.1 g of glycidyl aery late. 



40 



en) 




coo - (c v f -»-vn^ c " «oc 4 „ 9 

x:y:z = 0.9:0.05:0.05 



50 



55 



Polymer liquid crystal (1 1 ) had an Mw of 45000, a Tg of 45 • C, and a Ti of 95 ■ C 
in 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (11) and 0.02 g of hex- 
amethylenediamine as a polyfunction^ amine compound (crosslinking agent), and the solution was appli d 
on a 100 am thick aluminum-d posit d PET film with a blade coater and dried to form a polym Miquid 
crystal layer having a thickness of about 6 urn. The polymer liquid crystal layer as obtain d scatt red light 
and assumed white turbidity. The Ti of the polymer liquid crystal layer befor crosslinking was about 90 -C 

™J7, P ^ ' iqUid CfyStal ' ay ' W3S cross,inked in ov *n at 60 -C for 24 hours. The polymer liquid 
crystal layer after crosslinking was also white turbid. A protective lay r was formed on the crosslinked 
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polymer liquid crystal layer in the same manner as in Example 1 to obtain an optical r cording d vice. 

COMPARATIVE EXAMPLE 5 

An optical recording device was prepared in the same manner as in Example 8, except that no 
crosslinking agent was added to polymer liquid crystal (8). The recording device as obtained showed white 
turbidity. 

Evaluation: 

The recording devices prepared in Examples 8 to 11 and Comparative Example 5 were tested in the 
same manner as in Example 1 to evaluate reproduction in recording/erasure performance. The results 
obtained are shown in Table 3. 

TABLE 3 



Example No. 


Optical Density of Recording Layer 


(a) 


(b) 


(c) 


(d) 


Example 8 


0.20 


1.7 


0.21 


0.21 


Example 9 


0.22 


1.7 


0.22 


0.22 


Example 10 


0.22 


1.7 


0.22 


0.22 


Example 1 1 


0.24 


1.7 


0.24 


0.24 


Comparative Example 5 


0.35 


1.7 


0.6 


0.8 



Note: 

(a) Before recording (in a light-scattered state) 

(b) After recording (in a transparent state) 

(c) After first erasure (in a light-scattered state) 

(d) After repeating recording/erasure 100 times (in a 



light-scattered state) 

As is apparent from Table 3, the recording layer in Examples 8 to 1 1 undergoes no change from the 
initial stage in degree of white turbidity (reflective optical density in a light-scattered state) even after receipt 
of 100 cycles of recording/erasure, proving excellent in reproducibility of white turbidity. The recording layer 
in Comparative Example 5 not only has a low degree of white turbidity in its initial stage but also suffers 
from great reduction in white turbidity upon receiving only one heat cycle of recording/erasure, i.e., 
remarkable deterioration in reproduction. 

After 100 cycles of recording/erasure, the recording layers of Examples 8 to 11 had a domain diameter 
distributed over a range of from 50 nm to 1200 nm with the diameter at the maximum of the frequency 
distribution of domain diameter being 350 to 650 nm. In Comparative Examples 5 and 6, the domain 
diameter at the maximum of the frequency distribution was 2.5 urn and 1.8 nm, respectively, and the 
domain diameter was distributed over a range of from 800 nm to 12 u,m. It is understood from these facts 
that the deterioration in optical characteristics in Comparative Examples 5 and 6 as shown in Table 3 is 
ascribed chiefly to growth of domains which results in reduction in white turbidity. Accordingly, it is seen 
that a domain size in a multi-domain structure influences display characteristics (optical characteristics) and 
that the stability of the multi-domain structure has great influences on reproduction of recording/erasure 
performance on repeated use. 

As is apparent from the above results, the optical element according to the present invention has its 
minute multi-domain structure thermodynamically stabilized by crosslinking and therefore exhibits excellent 
display characteristics (optical characteristics) and reproducibility of recording/erasure performance. 

In Examples 12 to 15 her inafter described, an image formation m thod of the pr s nt inv ntion and an 
optical elem nt having an unerasable image are embodied. In thes Examples, r cording on an optical 
element eith r for formation of an unerasabl image and for formation of an erasable imag was conduct d 
using a thermal print r (8 dots/mm; £0.3 mJ/dot). Erasure of an erasabl image was conducted using an 
oven set at 120° C or a hot stamp set at 130°C. The reflective optical density of ach r cord d area before 
and after heating at 120°C was measured with X-rite 968 to evaluate optical characteristics. 
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EXAMPLE 12 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (1) (Mw: 40000; Tg: 40 "C; Ti: 110*C) 
synthesized in Example 1 and 0.05 g of diphenylmethane diisocyanate (produced by Tokyo Kasei K.K.) as 
a polyfunctional isocyanate compound (crosslinking agent), and the solution was applied on a 100 urn thick 
aluminum-deposited PET film with a blade coater and dried to form a polymer liquid crystal layer having a 
thickness of about 6 urn. A protective layer was formed on the polymer liquid crystal layer in the same 
manner as in Example 1 to obtain an optical element. The optical element as obtained showed white 
turbidity. 

Recording on part of the optical element was made to form a transparent image, and the optical 
element was subjected to crosslinking in an oven at 40 -C for 24 hours. After crosslinking, the optical 
element was heated to 120'C, whereupon the entire area of the optical element turned transparent. On 
cooling to room temperature, the area having formed a transparent image before crosslinking remained 
transparent whereas the other area turned white turbid. When recording was conducted on the area which 
had been crosslinked in its white turbid state, a transparent image showing no light scattering properties 
was formed. The thus formed transparent image could be erased by heating followed by cooling in the 
same manner as described above. That is, the transparent image area restored the initial white turbidity by 
the erasure. The reflective optical density of each recording area before and after heating 120'C is shown 
in Table 4 below. 

EXAMPLE 13 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (2) (Mw: 40000; Tg: 50 'C Ti- 125'C) 
synthesized in Example 2 and 0.03 g of hexamethylene diisocyanate as a polyfunctional isocyanate 
compound (crosslinking agent), and the solution was applied on a 100 urn thick aluminum-deposited PET 
film with a blade coater and dried to form a polymer liquid crystal layer having a thickness of about 6 am A 
protective layer was formed on the polymer liquid crystal layer in the same manner as in Example 1 to 
obtain an optical element The optical element as obtained showed white turbidity. 

Recording on part of the optical element was made to form a transparent image, and the optical 
element was subjected to crosslinking in an oven at 40 -C for 24 hours. After crosslinking. the optical 
element was heated to 120' C, whereupon the entire area of the optical element turned transparent. On 
cooling to room temperature, the area once having formed a transparent image before crosslinking 
remained transparent whereas the other area turned white turbid. When recording was conducted on the 
area which had been crosslinked in its white turbid state, a transparent image showing no light scattering 
properties was formed. The thus formed transparent image could be erased by heating followed by cooling 
in the same manner as described above. That is. the transparent image area restored the initial white 
turbidity by the erasure. The reflective optical density of each recording area before and after heatino 
120 • C is shown in Table 4 below. 

EXAMPLE 14 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (3) (Mw: 40000; Tg: 36 'O Ti- 95 «C) 
synthesized in Example 3 and 0.04 g of hexamethylenediamine as a polyfunctional amine compound 
(crosslinking agent), and the solution was applied on a 100 urn thick aluminum-deposited PET film with a 
blade coater and dried to form a polymer liquid crystal layer having a thickness of about 6 urn. A protective 
layer was formed on the polymer liquid crystal layer in the same manner as in Example 1 to obtain an 
optical element. The optical element as obtained showed white turbidity. 

Recording on part of the optical element was made to form a transparent image, and the optical 
element was subjected to crosslinking in an oven at 50' C for 24 hours. After crosslinking, the optical 
element was heated to 120'C. whereupon the entire area of the optical element turned transparent. On 
cooling to room temperature, the area once having formed a transparent image before crosslinking 
remained transparent whereas the other area turned white turbid. When recording was conducted on the 
area which had been crosslinked in its whit turbid state, a transparent image showing no light scattering 
properties was formed. The thus formed transpar nt image could be erased by heating follow d by cooling 
in the sam manner as described abov . That is. th transparent image area restored the initial white 
turbidity by the erasur . The r flective optical d nsity of each recording area befor and after heatino 
1 20 • C is shown in Table 4 below. 
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EXAMPLE 15 

In 3.0 g of MEK w re dissolved 1.0 g of polymer liquid crystal (4) (Mw: 55000; Tg: 33 'C; Ti: 85 *C) 
synthesized in Example 4 and 0.01 g of Darocure 1173 as an ultraviolet polymerization initiator, and the 

5 solution was applied on a 100 urn thick aluminum-deposited PET film with a blade coater and dried to form 
a polymer liquid crystal layer having a thickness of about 6 urn. A resin composition for a protective layer 
(Symac US-350, produced by Toagosei Chemical Industry Co., Ltd.) was applied on the polymer liquid 
crystal layer to form an about 2 urn thick protective layer to obtain an optical element. The optical element 
as obtained showed white turbidity. 

w After recording on part of the optical element was conducted to form a transparent image, the optical 
element was irradiated with ultraviolet light using a high-pressure mercury lamp to crosslink the polymer 
liquid crystal. After crosslinking, the optical element was heated to 120°C, whereupon the entire area of the 
optical element turned transparent. On cooling to room temperature, the area having formed a transparent 
image before crosslinking remained transparent whereas the other area turned white turbid. When recording 

15 was conducted on the area which had been crosslinked in its white turbid state, a transparent image 
showing no light scattering properties was formed. The thus formed transparent image could be erased by 
heating followed by cooling in the same manner as described above. That is, the transparent image area 
restored the initial white turbidity by the erasure. The reflective optical density of each recording area 
before and after heating 120°C is shown in Table 4 below. 

20 

TABLE 4 



Reflective Optical Density 


Example No. 


Recording Before Crosslinking 


Recording After Crosslinking 


Before Heating 


After Heating 


Before Heating 


After Heating 


Example 12 


1.6 


1.6 


1.6 


0.24 


Example 13 


1.6 


1.6 


1.6 


0.24 


Example 14 


1.6 


1.6 


1.6 


0.25 


Example 15 


1.6 


1.6 


1.6 


0.25 



35 



40 



45 



EXAMPLE 16 

4-Methacryloxyhexyloxy-4 , -cyanobiphenyl (2.0 g) was polymerized as a mesogen monomer by living 
anionic polymerization at 50 °C using 1.0 mg of butyl lithium as a polymerization initiator and 10 ml of THF 
as a solvent. The resulting polymer solution was purified by precipitating twice in ethyl alcohol as a poor 
solvent to recover 1.9 g of polymer liquid crystal (12) having formula (12): 

I 3 

-___^CH 2 -<p^--- (12) 
COO— £CH 2 ) g—O^TV^V-CN 



Polymer liquid crystal (12) had an Mw of about 120,000, an Mw/Mn ratio of 1.2, a Tg of about 55 °C, 
and a Ti of 115°C. 

A solution of polym r liquid crystal (12) in MEK was applied on a 100 urn thick aluminum-deposited 
PET film with a blade coater and dried to form a polymer liquid crystal layer having a thickness of about 5 
urn. An about 2 urn thick protective layer was formed thereon in the same manner as in Example 1 to 
prepare a recording medium. 
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EXAMPLE 17 



^Memacryloxyhexyloxy-^-cyanobiph nyl (1.9 g) as a mesogen monomer and 0.1 g of 2-hydroxyethyl 
acrylate as a reactive monomer were copolymerized using 0.01 g of ABIN as a polymerization initiator and 
6.0 ml of MEK as a solvent. The resulting polymer solution was purified by precipitating twice in ethyl 
alcohol as a poor solvent to recover 1.9 g of a polymer liquid crystal having formula (13) 



CH 



10 



3 



£CH,-C-}-- 



-<CH, 



COO (CHg) g— O 



75 



CN 
x = 0.95 



(13) 



COOC,H 4 OH 



20 50 • C h and aTj ToZ^C **** *" M * ° f 180000 - 80 Mw/Mn ratio of 6 °- a T 9 <* about 

The polymer liquid crystal was dissolved in THF and re-precipitated in a 1/1 mixed solvent of THF and 
methyl alcohol to extract a polymer liquid crystal having an Mw of about 200,000, an Mw/Mn ratio of 3 2 a 
Tg of about 52 • C, and a Ti of 1 06 ■ C (designated polymer liquid crystal (13)) 

In 3.0 g of MEK were dissolved 1.0 g of polymer liquid crystal (13) and 0.05 g of 4.4'-diphenylmethane 
diisocyanate as a polyfunctional isocyanate compound (crosstinking agent), and the solution was applied on 
an 100 urn thick aluminum-deposited PET film with a blade coater and dried to form a polymer liquid 
°7*n f\ er haVi " 9 3 thickness of about 5 um - 706 Po'ymer liquid crystal layer was crosslinked in an oven 
at 90- C for 24 hours. A protective layer was formed thereon in the same manner as in Example 1 to 
prepare a recording medium. 
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30 



35 



COMPARATIVE EXAMPLE 6 

The same mesogen monomer as used in Example 16 was radical polymerized and purified in the same 
manner as in Example 17. The resulting polymer liquid crystal had an Mw of about 140,000, an Mw/Mn ratio 
of 5.5, a Tg of about 52 -C, and a Ti of 114-C. A recording medium was prepared in the same manner as 
in Example 16 using the above-prepared polymer liquid crystal. 

COMPARATIVE EXAMPLE 7 

40 The same monomers as used in Example 17 were copolymerized under the same conditions as in 
Example 17. except for changing the amount of the solvent to 5.0 ml. to obtain a polymer liquid crystal 
having formula (13). The resulting polymer liquid crystal had an Mw of about 220.000. an Mw/Mn ratio of 
6.1. a Tg of about 50'C. and a Ti of 103'C. A recording medium was prepared in the same manner as in 
txample 17 using the above-prepared polymer liquid crystal. 



45 



50 



Evaluation: 



Recording was made on each of the recording media prepared in Examples 16 and 17 and Compara- 
tive Examples 7 and 8 using a thermal printer (8 dots/mm; £0.3 mJ/dot). The heat applied area turned 
transparent to form a silver image. The recording medium with the transparent image was allowed to stand 
in a thermostat at 50 -C for 24 hours. The reflective optical density of the image area was measured before 
and after standing with X-rite 968 to evaluate heat stability of the recorded image. The results obtained ar 
shown in Table 5 below. 
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TABLE 5 





Exampl No. 


Polymer Liquid Crystal 


Optical Density of Recorded Image 


5 




Mw(x10*) 


Mw/Mn 


Initial 


Preserved (50 ° Cx24hrs) 


10 


Example 16 
Example 17 

Comparative Example 6 
Comparative Example 7 


12 
20 
14 

22 


1.4 
3.2 
5.5 
6.1 


1.80 
1.70 
1.80 
1.70 


1.79 
1.69 
1.05 
0.95 



The recording layer of Examples 16 and 17 undergoes substantially no change in optical density when 
preserved at 50 °C for 24 hours. When observed with the naked eye, the recorded image (silver image) 
showed no change from the initial stage. On the other hand, the recording layer of Comparative Examples 6 

75 and 7 showed a considerable change in optical density when preserved. When observed with the naked 
eye, the image area got turbid, indicating a great reduction in contrast. Observation of the image area of the 
recording layer of Comparative Examples under a polarizing microscope revealed formation of minute 
domains having optical anisotropy (birefringence), lending conformation to the formation of glassy domains 
of liquid crystal phase. In Examples, such an optically anisotropic domain was not observed, proving that 

20 the image area remained in an isotropic glassy state. 

It is apparent from these observations that a recording layer comprising a polymer liquid crystal having 
a narrow molecular weight distribution is capable of forming an image having greatly improved heat 
stability. 

In one embodiment of the optical element and the optical recording device according to the present 
25 invention, a polymer liquid crystal composition having a stable and optically anisotropic multi-domain 
structure which is formed by crosslinking a composition essentially comprising a polymer liquid crystal is 
used as a recording layer. Therefore, the optical element and optical recording device of this embodiment 
are excellent in rapidness, stability, and reproducibility in conducting recording/display/erasure of informa- 
tion. The optical element of this embodiment is useful as an optical recording medium, a display medium, a 
30 light modulating element, or a reversible heat-sensitive recording medium. 

In another embodiment of the optical element and the optical recording device according to the present 
invention, a polymer liquid crystal comprising a copolymer of at least a mesogen monomer unit and a non- 
mesogen monomer is crosslinked so that at least a liquid crystal component and a non-liquid crystal 
component form the respective phases to provide a stable multi-domain structure. The optical element and 
35 the optical recording device of this embodiment are therefore excellent in rapidness, stability, and 
reproducibility in conducting recording/display/erasure of information. The optical element of this embodi- 
ment is useful as an optical recording medium, a display medium, a light modulating element, or a 
reversible heat-sensitive recording medium. 

According to the image formation method of the present invention, an image showing no light scattering 
40 properties is formed on an optical element comprising a light scattering polymer liquid crystal composition, 
and the composition is then crosslinked to make the image unerasable. Accordingly, the method makes it 
possible to obtain an optical element having both an unerasable image and an erasable image. 

Further, the recording medium according to the present invention which uses a polymer liquid crystal 
having a specific narrow molecular weight distribution as a recording layer is excellent in sensitivity 
45 characteristics, display contrast and image preservability and is expected to find broader application. 

While the invention has been described in detail and with reference to specific examples thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

50 Claims 

1. An optical element comprising a polymer liquid crystal composition having an optically anisotropic 
multi-domain structure which is form d by crosslinking polymer liquid crystal composition. 

55 2. An optical elem nt as claim d in claim 1, wherein said multi-domain structure has such a domain size 
distribution that the domain diameter at the maximum in the frequency distribution of domain diameter 
is not greater than 3 urn. 
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a An optical element as claim d in claim 1, wherein said multi-domain structure has such a domain size 
distnbution that a difference between the maximum domain diamet r and the minimum domain 
diameter is not more than 5 urn. 

4. An optical element as claimed in claim 1, wherein said polymer liquid crystal comprises a copolymer 
containing a reactive group. 

5. An optical element as claimed in claim 1. wherein said crosslinking is carried out by an additional 
reaction of polyfunctional reactive compound. 

6. An optical element as claimed in claim 1, wherein said liquid crystal composition comprises a 
copolymer of a polymenzable mesogen compound and a polymerizable compound having a reactive 
group or an addition-polymer of an addition reactive meson compound and an addition reactive non- 
mesogen compound having a reactive group to a reactive polymer. 

7. An optical element as claimed in claim 1, wherein said liquid crystal composition comprises a 
copolymer of polymerizable mesogen compound, a polymerizable non-mesogen compound having a 
reactive group and a polymerizable non-mesogen compound having no reactive group. 

8. An optical element as claimed in daim 1, wherein said element comprises a substrate having thereon 
the crosslinked polymer liquid crystal composition and a protective layer thereon. 

9. An optical element as claimed in claim 1. wherein said polymer liquid crystal has a weight average 
molecular weight to number average molecular weight ratio (Mw/Mn) of not more than 4.0. 

10. An optical element as claimed in claim 1, wherein said optical element comprises a substrate and a 
layer which is formed by molding said polymer liquid crystal having a weight average molecular weight 
to number average molecular weight ratio (Mw/Mn) of not more than 4.0 and then crosslinking said 
polymer liquid crystal. 

11. An optical element obtained by subjecting a polymer liquid crystal composition to heat treatment to 
control a multi-domain structure and crosslinking said composition while reacting said multi-domain 
structure. 

35 12. An optical element as claimed in claim 11, wherein said multi-domain structure has such a domain size 
distribution that the domain diameter at the maximum in the frequency distribution of domain diameter 
is not greater than 3 urn. 
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1a An optical element as claimed in claim 11, wherein said polymer liquid crystal composition comprises a 
copolymer containing a liquid crystal monomer and a non-liquid crystal monomer. 

14. An optical element as claimed in claim 11, wherein said heat treatment is earned out at a temperature 
at which said polymer liquid crystal composition exhibits a liquid crystal phase. 

15. An optical element as claimed in claim 11. wherein said crosslinking is carried out at a temperature not 
higher than the liquid phase-isotropic phase transition point of said polymer liquid crystal composition. 

16. A process for producing an optical element comprising subjecting a polymer liquid crystal composition 
to heat treatment to control a multi-domain structure and crosslinking said composition while retainina 

so said multi-domain structure. 

17. An optical element comprising a polymer liquid crystal composition, wherein said composition has 
previously formed thereon an unerasable image by forming an image having no light scatt ring 
properties on at toast a part of said optical lement and then crosslinking said composition to make 

55 said image having no light scattering properties un rasabl . 

18. An image formation method comprising forming an imag having no light scattering properti s on an 
optical element comprising a light scattering-polymer liquid crystal composition and then crosslinking 
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said composition to make said image having no light scattering properties unerasabi . 

19. An optical element as claimed in claim 17, wherein said formation of an image having no light 
scattering properties is carried out by heating at least part of the optical element to a temperature not 

5 lower than the liquid phase-isotropic phase transition point of said composition followed by cooling 

rapidly to a temperature not higher than the glass transition point of said composition. 

20. An optical element as claimed in claim 17, wherein said unerasable image has an optically isotropic 
stage. 

10 

21. An optical element as claimed in claim 17, wherein said crosslinking is carried out at a temperature not 
higher than the liquid phase-isotropic phase transition point of said polymer liquid crystal composition. 

22. An optical element as claimed in claim 17, wherein said polymer liquid crystal is a copolymer 
rs comprising at least a mesogen monomer unit and a non-mesogen monomer unit and said composition 

containing said polymer liquid crystal has a multi-domain structure. 
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FIG. 1 
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